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Abstract 
The energy supply systems dependent on fossils and municipal solid waste (MSW) materials are primarily respon-
sible for releasing greenhouse (GHG) gases and their related environmental hazards. The increasing amount of 
methane (CH4) and carbon dioxide (CO2) is the scientific community's main concern in this context. Reduction in 
the emission amount of both gases combined with the conversion technologies that would convert these total 
threat gases (CO2 and CH4) into valuable feedstocks will significantly lower their hazardous impact on climate 
change. The conversion technique known as dry methane reforming (DMR) utilizes CO2 and CH4 to produce a com-
bustible gas mixture (CO+H2), popularly known as synthesis gas/or syngas. Therefore, this research study aims to 
explore and enlighten the characteristics of the DMR mechanism. The conversion behaviour of CO2 and CH4 was 
studied with modelling and simulation of the DMR process using MATLAB. The results showed that inlet gas flow 
has a significant impact on the reactions. In contrast, the inlet molar composition ratio of the reactions was found 
to have no substantial effect on the mechanism of DMR. 
 
Copyright © 2021 by Authors, Published by BCREC Group. This is an open access article under the CC BY-SA   
License (https://creativecommons.org/licenses/by-sa/4.0). 
 
Keywords: Greenhouse gases; Synthesis gas; Dry Methane Reforming; Reaction Kinetics Modelling 
 
How to Cite: A. Inayat, M.A.B. Ahmad, M. Raza, C. Ghenai, S.R. Naqvi, M. Ayoub (2021). Development of Reac-
tion Kinetics Model for the Production of Synthesis Gas from Dry Methane Reforming. Bulletin of Chemical Reac-
tion Engineering & Catalysis, 16(2), 440-445 (doi:10.9767/bcrec.16.2.10510.440-445) 
 
Permalink/DOI: https://doi.org/10.9767/bcrec.16.2.10510.440-445 
bcrec_10510_2021 Copyright © 2021, ISSN 1978-2993; CODEN: BCRECO 
Available online at BCREC website: https://bcrec.id 
Research Article 
1. Introduction 
Carbon monoxide (CO) and hydrogen (H2) 
have high significance as feedstock for various 
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chemical processes in the process and manufac-
turing industry. These gases (CO+H2) can be 
produced by multiple commercialized methods 
like coal/or biomass gasification, partial oxida-
tion of fossil fuel oil, and steam reforming me-
thane. The mixture of gas (CO+H2) is known as 
syntheses gas or syngas [1,2]. Synthesis gas is 
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usually converted into petrochemicals, synthet-
ic fuels, and higher alcohols [3,4]. Carbon mon-
oxide is widely used in the production of paints, 
plastics, foams, pesticides, and insecticides; 
meanwhile, hydrogen is used in ammonia syn-
thesis and petroleum refining industries [5].  
Methane reforming is the leading method of 
producing syngas, supplying more than 80% of 
the world’s synthesis gas [6]. The most cost-
effective method of synthesis gas production 
and gas production includes other predominant 
processes, such as: naphtha reforming, fuel oil 
partial oxidation, and coal gasification [7]. Use-
less CO2 can be converted into the synthesis 
gas (CO+H2) by the process of dry reforming of 
methane (DRM) which uses the natural gas for 
its reaction mechanism [8]. Synthesis gas 
(CO+H2) can also be produced by the simulta-
neous transformation of the two significant 
greenhouses (GHG) gases (CO2 and CH4) in a 
process called catalytic reforming of methane 
[9].    
For the past several decades, hydrogen (H2) 
production was produced by the steam methane 
reforming (SMR) process. The method is pre-
ferred for the synthesis of pure H2 and its pro-
duction at a large scale in ammonia manufac-
turing. Fischer-Tropsch conversion processes 
have facilitated the alteration of carbon-
containing gases into the synthesis gas 
(CO+H2) more efficiently during the recent sci-
entific era [10]. The conversion of methane 
(CH4) and carbon dioxide (CO2) into synthesis 
gas (CO+H2) took place based on several reac-
tions, including carbon dioxide reduction by 
methane, reverse water-gas shift (RWGS) 
equation, methane decomposition, and reverse 
Boudouard reactions [8,11,12].   
The reaction expressed by equation 3 is the 
main reaction of the dry methane reforming 
(DMR) process. This reaction is endothermic; 
therefore, heat will be absorbed in this stage of 
the process. Methane (CH4) reacts with carbon 
dioxide (CO2) on the active surface of the solid 
catalyst to form equimolar synthesis gas. The 
conversion efficiency of the reaction is im-
proved by supplying CO2 in the excess amount. 
For this reaction to occur, the right amount of 
methane (CH4) must be applied to reduce car-
bon dioxide (CO2) convert it into CO and H2. 
This reaction typically occurs over Ni-based 
catalysts at the temperature ranging from 550– 
1000 ℃ [13].  
 The reverse water-gas shift reaction 
(RWGS) converted the CO2 and produced H2 in-
to carbon monoxide (CO) and water vapors 
(H2O). This reaction is also endothermic and re-
quires heat for its execution and completion. 
The reversal nature of water-gas shift reaction 
is essential for its versatility in applications i-e 
in ammonia production. Most frequently, the 
reaction is done using a copper or aluminum 
catalyst [13−15]. Several industries have prac-
ticed the RWGS process for converting cheap 
and invaluable CO2 into synthetic CO, which is 
precious gas in the process industry.  
Dry methane reforming (DMR) produces 
less hydrogen (H2) than the H2 produced by the 
steam reforming process (SRM). Therefore, the 
dry methane process (DMR) has more feasibil-
ity for the biogas, which is already a mixture of 
CH4 and CO2 as the final product from the an-
aerobic digestion (AD) process. There is no ad-
ditional need for a downstream separation pro-
cess for CO2 removal. For dry methane reform-
ing (DMR) there are several kinds of carbon 
formation on Ni-based catalyst [14−16]. The re-
actions contribute to carbon deposition on the 
surface of the catalyst during the complete for-
mation process cycle. The reverse Boudouard 
reaction represented is limited at high temper-
atures. However, the methane decomposition 
reaction described in equation 3 is thermody-
namically more favorable at high tempera-
tures. There should be the application of cata-
lysts that can inhibit the carbon formation and 
its deposition at the reaction condition [17,18]. 
In this project, a kinetic reaction model was 
developed to predict the products and investi-
gate the effect of temperature on final product 
composition using MATLAB. The work is sig-
nificant towards highlighting the DMR process 
for producing CO and H2 from MSW and better 
understanding its reaction mechanism. It con-
tributes to the utilization of greenhouse gases 
for energy production. Hydrogen has many ap-
plications and is considered the best clean and 
energy densified fuel. There is not much data 
available in the literature to perform the kinet-
ic data analysis for DMR.  
The work is also important because of the 
alarming situation of environmental pollution. 
Global warming resulting from large quantities 
of greenhouse gases (GHG), mainly CO2 emit-
ted to the atmosphere, is the most significant 
environmental hazard. Thus, future research is 
focusing on developing technologies that enable 
the utilization of renewable and carbon-neutral 
resources. 
  
2. Materials and Methods 
The study's goal and scope were to develop 
the reaction kinetics model for the dry reform-
ing of methane (DMR). To perform parametric 
analysis for the synthesis gas production from 
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carbon dioxide and methane that was produced 
from municipal solid waste (MSW) and to cal-
culate all the independent variables such as re-
action kinetics constant and activation energy 
using optimization approach (MATLAB optimi-
zation toolbox) [19]. It is available to perform 
design optimization tasks, including kinetic pa-
rameter estimation, selection of components. 
This tool is very useful for studying the feasi-
bility of processes and finding the optimal solu-
tions. It is a key to efficient energy manage-
ment and production planning. Few assump-
tions have been considered during the modeling 
and optimization approach, including steady-
state conditions, reaction proceeds isothermally 
at constant volume, four main reactions consid-
ered for product calculations. 
The rate of a chemical reaction can be at-
tributed to its active chemical species' concen-
tration by a relation known as rate law [20]. 
The active chemical species include reactants, 
products, and the catalysts involved. Every re-
action has its rate of reaction, which is defined 





Four main parameters have been identified, 
including gas flow rate, inlet molar composi-
tion, mole percentage and temperature. Process 
developing and modeling the reaction process 
was conducted based on four main reactions 
simulated in MATLAB software as shown in 
Equations (3)-(6). 
Carbon Dioxide reduction by Methane 
CO2 + CH4 ↔ 2CO + 2H2 (3) 
 
Reverse Water-Gas Shift (RWGS) reaction 
CO2 + H2 ↔ CO + H2O (4) 
 
Methane decomposition 
CH4 ↔ C + 2H2 (5) 
 
Reverse Boudouard reaction 
C + CO2 ↔ 2CO (6) 
 
MATLAB function m-files were developed 
by writing function codes. The function m-files 
being developed with the objectives of produc-
ing the final guess value of all independent 
variables such as activation energy (Ea) and 
reaction rate constant (k) throughout the opti-
mization process [21]. The MATLAB simula-
tion optimization was carried out using the ex-
perimental data taken from literature for stud-
ying the reaction kinetics of the dry methane 
reforming (DMR) process. The flowchart in Fig-
ure 1 showed the optimization approach used 
for reaction kinetics parameters calculations. 
Reaction kinetics constants were obtained and 
extended for parametric study. The gas flow 
conditions at the inlet feed were set constant at 
3600 mL/h and 5400 mL/h with an equal molar 
ratio (CH4:CO2 = 1:1). 
 
3. Results and Discussion 
Table 1 shows the kinetic parameters calcu-
lated from the four reactions considered for re-
Figure 1. Flowchart for optimization of reaction kinetics parameters of dry methane reforming reac-
tions. 
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action kinetics modeling of dry methane re-
forming. Reactions (2) and (3) have the highest 
values of negative activation energies. Figure 2 
showed the product gases CH4, CO2, H2, and 
CO using 3600 mL/h with a temperature range 
of 650–850 °C. The mole percentages of all four 
components were plotted against temperature. 
It has been observed that as the temperature 
increases from 650 to 850 °C, there has been a 
constant increase in the conversion of both CH4 
and CO2 (decline in mole %) and consequently 
an increase in the amount (mole %) of H2 and 
CO. The decrease in the mol % of CO2 becomes 
constant at around 720 °C, but CH4 mole % 
shows a decrease until 850 °C. Also, at this mo-
lar flow rate, mole % of CO increases signifi-
cantly up to 750 °C. However, there has been a 
continuous increase in H2 mol % up to 850 °C, 
which shows that higher temperature is favora-
ble for H2 yields. Also, there has been a more 
sharp increase in H2 mole % with an increase 
in temperature. 
  Similar trends have been observed in the 
literature by Al-Ali et al. [22]. They performed 
the study in a temperature range of 600–900 
°C in a direct contact bubble column. The tem-
perature was found to affect the reaction kinet-
ics mainly. Due to this invention, an optimiza-
tion strategy was practical to implement and 
understand the trade-off between high produc-
tion rates and elevated CO2 and CH4 consump-
tion rates in dry methane reforming. The in-
crease in H2 and CO is mainly caused by the 
endothermic behavior of reactions involved in 
the dry methane reforming process.  
Furthermore, an increase in the conversion 
of both reactants (CH4 and CO2) was observed 
due to the reverse water gas shift reaction, me-
thane decomposition, and revers Boudouard re-
actions. However, different reaction rates for 
CH4 and CO2 were obtained, which was at-
tributed to the undesired formation of water 
during the reaction. At each point of reaction, 
the CO2 conversion is more than CH4 conver-
sion, and on the product side, the increase in 
the CO mol% is always more significant than 
the rise in mol% of H2.  
Figure 3 shows the results obtained from 
predicted results after optimization at the inlet 
gas flow of 5400 mL/h. The graph shows when 
the influence of inlet gas flow is significantly 
vital as the inlet gas flow increased, the me-
thane and carbon dioxide conversions were 
both affected. The small carbon monoxide in-
crement in Figure 3 shows that the higher inlet 
gas flow is not suitable within the range of 
temperature 650–850 °C. Higher molar flow 
rate results in higher molar production of H2. 
CO molar % decrease with an increase in the 
gas inlet flow rate. Hence, together with tem-
perature inlet molar flow rate of gas also plays 
a vital role. 
The higher the gas flow, the higher the tem-
perature needed for the reactions. Simultane-
Figure 2. Effect of temperature on product gas 
composition (mol%) at the gas inlet flow 3600 
mL/h. 
Figure 3. Effect of temperature on product gas 








1 0.04 −1285.29 
2 0.03 −2747.62 
3 1.10 −2714.71 
4 −2.31 −716.13 
Table 1. Kinetics parameters determined using 
an optimization approach. 
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ously, the inlet gas velocity of the syngas pro-
duction is not produced in maximum value. A 
trade-off between high production rate and ele-
vated CO2 and CH4 consumption rate in dry 
methane reforming has been observed due to a 
change in the flowrate. It is also recommended 
for an additional active optimization attitude to 
maximize the use of the entire reactant (inlet 
gas); a suitable inlet gas flow needs to be iden-




This study was carried out with the main 
objective: developing the reaction kinetics mod-
el for the dry methane reforming and perform-
ing parametric analysis for the hydrogen and 
carbon monoxide production from greenhouse 
gases produced from landfills gas. Further-
more, to calculate the reaction kinetics con-
stant using optimization approach (MATLAB 
optimization toolbox). An operative tool, the dry 
methane reforming model, was established to 
assess all the independent variables of activa-
tion energy value and reaction kinetics con-
stant value (k). This value indicates how suc-
cessfully all the independent variables towards 
producing syngas can be referred to as a gen-
eral kinetics model for dry methane reforming 
as future references. The essential features of 
the reaction mechanism of dry methane reform-
ing were identified via a modeling approach. 
Gas-phase kinetics has a significant conse-
quence on the production of syngas. The higher 
the temperature, the better the conversion 
achieved until a specific limit.  Based on the ef-
fects of using the same molar composition ratio 
with increasing inlet gas flow results, it can be 
concluded that the inlet gas flow in a gas phase 
reaction is also dominant to the reactions. In 
addition, it is recommended to perform the full-
scale optimization of the process to identify the 
best optimum operating conditions.  
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